Objective: To reach multidisciplinary European consensus on the assessment tools for impairments and activity limitations in patients with hand conditions. Design: Electronic Delphi method. Subjects: Thirty experts from European societies for hand therapy, hand surgery, and physical and rehabilitation medicine. Methods: In 3 rounds, participants were asked which of 13 preselected categories of the Brief International Classification of Functioning, Disability and Health (ICF) Core Set for Hand Conditions should be assessed. In addition, they were asked to choose which of 55 preselected instruments they preferred for each category by confirming or rejecting instrument-specific statements. Results: All 13 preselected ICF categories were considered relevant. Consensus was based on ≥ 75% agreement. After 3 rounds, 9 instruments were selected: Shape Texture Identification Test, Semmes Weinstein Monofilament Test, Visual Analogue Scale for pain, goniometer, Jamar Dynamometer, Pinch Gauge Device, Cold Intolerance Symptom Severity questionnaire, Canadian Occupational Performance Measure, and Disabilities of the Arm, Shoulder and Hand Questionnaire. It remained undecided whether to use the NineHole Pegboard Test or the Purdue Pegboard Test. Conclusion: In this European Delphi study, multidisciplinary consensus was reached on 9 assessment tools for impairments and activity limitations in patients with hand conditions addressing 13 categories of the Brief ICF Core Set for Hand Conditions.
INTRODUCTION
Injuries of the hand are among the most common injuries worldwide (1) , accounting for approximately 20% of all visits to hospital emergency departments (2) . Both hand injuries and hand diseases (i.e. hand conditions) may affect a person's ability to engage successfully in day-to-day self-care, work and leisure activities (1, 3) and therefore may have a serious impact on social participation and health-related quality of life (4, 5) .
The use of valid, reliable and responsive instruments to assess the impact of hand conditions on functioning and quality of life is essential for clinical decision-making, monitoring patient progress and evaluating the effectiveness of treatment (6) (7) (8) . Although hand impairments can cause activity limitations, this relationship is rather complex (9) (10) (11) . It is, thus, important to assess not only body functions (impairments), but also a person's (limitations to perform) activities in order to determine how different hand conditions impact the daily lives of individual patients (6, 8, (12) (13) (14) (15) (16) (17) (18) (19) .
In recent decades, professionals in the field of hand surgery and hand rehabilitation have emphasized the need for consensus in defining a core group of assessment instruments to facilitate a universal description and comparison of individual hand impairments and related disabilities (6, 7, 20, 21) . This, however, requires consensus on which of the available validated instruments, that are also reliable and responsive, should be used to assess (and preferably predict) a patient's functioning and/or to evaluate outcomes of different interventions. Many tools are available to assess impairments and activity limitations in patients with hand conditions, but there is currently no standardized accepted core set for use with this patient group (6, 12, 14, 18, 20) . To support the development of such a core set, we first conducted 2 systematic reviews in order to identify 23 instruments that can be used to evaluate activity limitations in patients with hand conditions (18, 19) . In a previous study, the content of published studies on hand conditions was analysed (22) for the development of the Brief and Comprehensive International Classification of Functioning, Disability and Health Core Set for Hand Condi-tions (BICF-CS) (23) . The BICF-CS is a subset derived from the International Classification of Functioning, Disability and Health (ICF) (24) , consisting of 23 ICF categories (22, 25) . Based on knowledge about available instruments and their relationship with relevant ICF categories, we conducted an international Delphi study (the HandART-Delphi study). The aim was to reach multidisciplinary European consensus on a core set of assessment tools to be used in patients with hand conditions who may need surgical or non-surgical interventions. The focus was to include as few instruments as possible, but as many as necessary to assess impairments and activity limitations, addressing all categories of the BICF-CS (25) .
METHODS

Participants
Experts from the European Federations of Societies for Hand Therapy (EFSHT), Hand Surgery (FESSH), and Physical and Rehabilitation Medicine (ESPRM) were invited to participate. To this end, a written invitation was sent to these European societies, and subsequently to their individual members, by the national societies. To participate in the HandART-Delphi study, experts had to have ample clinical experience of treatment of hand injuries and/or hand diseases during the last 5 years and have sufficient knowledge of the English language. Participants were selected based on fulfilment of at least 1 of the following criteria, in the field of hand surgery or hand therapy: (i) being involved in research on the use of assessment tools; (ii) being a (co-) author of one or more published articles about assessment tools; (iii) being a lecturer on clinimetrics; or (iv) being involved in developing an assessment protocol or standardized assessment. Participants had to indicate their expertise on a separate form that was sent together with the written invitation. In advance, it was decided to invite a maximum of 32 experts, including, physical therapists (PTs), occupational therapists (OTs), hand surgeons, and rehabilitation physicians. This number of participants was considered appropriate in order that all disciplines were well represented. The preferred ratio between disciplines was set beforehand at 16 hand therapists (PTs and OTs), 8 hand surgeons, and 8 rehabilitation physicians.
Instruments
Assessment tools considered in this study were instruments that: (i) are used to measure impairments and activity limitations in patients with hand conditions; (ii) are used in adults; (iii) can be used in the acute phase or post-acute phase of rehabilitation; and (iv) are used in addition to general physical examination (Table I) . We excluded instruments concerning quality of life, instruments concerning personal and environmental factors, diagnostic tests (i.e. medical or laboratory tests, such as X-ray or electromyography), and instruments that were specifically developed for children.
Design
A web-based electronic Delphi method was used. To make effective decisions in situations in which there is contradictory or insufficient information, the Delphi Survey Technique for reaching consensus is recommended (20, (26) (27) (28) . This procedure includes a series of sequential questionnaires ("rounds") that must be completed by a group of multidisciplinary experts (20, (26) (27) (28) ). An electronic Delphi method was considered most appropriate because of its feasibility in the case of an international study (28) .
The formal consensus method consisted of 3 rounds, conducted via the internet supported by an IT company (www.horn.nl). Anonymity of responses was ensured in order to prevent opinion leaders influencing the individual opinions of other experts. Feedback of expressed expert input was provided after the first and second rounds, leading to a cyclical procedure to enable each participant to reconsider his/her earlier opinion or to provide arguments in favour of one's opinion (28) . The identity of the experts was known only to the principal investigator (LvdV).
Procedure
Three Delphi rounds were conducted. In each round all participants received an invitation e-mail providing background information. They were requested to login to a secure HandART-Delphi website to access the pages with questions and statements. If participants did not respond to the first invitation within 2 weeks, or if they left some of the questions unanswered, they were sent a reminder e-mail. They were asked to use both the best-available evidence and their clinical experience to make their decisions. Questions and statements were developed based on the results of previous studies (18, 19, 22, 25) using the ICF structure as a framework (24) .
Each round consisted of formulating questionnaires and statements, sending these questionnaires to the participants, performing an analysis on the data received, and writing a feedback report. All tasks were carried out by the principal investigator (LvdV) with feedback from the research group (AG, MG, RS, TS, PS and HL). Although there is no universally accepted percentage of agreement for reaching consensus, the literature recommends 70-80% agreement to be set prior to data analysis (28) . In the present study, a ≥ 75% agreement level was used to define consensus on a particular item (27, 28) .
First round
First, 13 of the 23 ICF categories of the BICF-CS, referring to the levels of "body functions" and "activities and participation", were selected (Table II) . Two categories (i.e. "touch function" and "sensory functions related to temperature and other stimuli") were combined because of the overlay of constructs and associated instruments, resulting in 12 categories. Each category was presented with a variable number of assessment tools that had been linked to this specific category based on previous work (29) .
For each category 2 questions had to be answered by the experts: • Is it important to assess this category? (yes/no/do not know).
• Are there any instruments missing that are commonly used and can be linked to this category? (yes, namely…./no/do not know).
For each instrument within each category 2 more questions had to be answered:
• Do you use this instrument to assess this category? (yes/no).
• Should this instrument be part of a core set to represent this category?
(not at all/perhaps/certainly/do not know).
Participants were invited to provide argumentation and add literature in support of their answers.
If, for a specific assessment tool, 75% or more of the respondents had answered "certainly" on the last question, the instrument was selected and included in the HandART core set of instruments. The other results were used to define questions for the second round.
Second round
The statements used in the second round were formulated according to decision rules explained in Table III . If in the first round the percentage of respondents who answered "certainly" and "perhaps" was 75% or higher, and the % "certainly" was higher than the % "perhaps", a new statement suggested selecting this instrument for assessing the specific ICF category of the core set (agree/disagree), taking into account the group opinions and comments given by others in the first round. For the missing instruments mentioned in the first round, participants had to indicate whether this instrument should be part of the core set to assess a specific category (not at all/perhaps/certainly/do not know).
If 75% or more of the respondents agreed with the suggestion upon the use (or no use) of an instrument to assess this preselected ICF category, the instrument was definitively selected (or rejected).
Third round
In the final round a new set of statements was formulated based on the results of the first and second rounds; however, only for those A. 75% or more of respondents had answered "certainly" The instrument was included in the core set of instruments No new statement was formulated B. The sum of the % respondents who answered "certainly" and "perhaps" ≥ 75% and the % "certainly">% "perhaps"
A new statement suggested to use this instrument to assess a selected ICF category (agree/disagree) C. An instrument was already included based on ≥75% absolute agreement (A) and a second instrument linked to the same ICF category fulfilled the criterion mentioned under B
It was asked whether the second instrument should be added to assess the same ICF category (yes/no) D. The sum of the % respondents who answered "certainly" and "perhaps"< 75% or the %"certainly"<%"perhaps"
A new statement suggested not to include this instrument (agree/disagree) E. According to 1 or more participants, a missing instrument should "certainly" be included in the core set and could be linked to a selected ICF category 
RESULTS
Consensus
A total of 30 experts responded to the invitation and participated in the study (Table IV) . The group consisted of 10 OTs/hand therapists, 9 PTs/hand therapists, 6 hand surgeons, and 3 rehabilitation physicians. Two hand therapists were also both PTs and OTs. Because the FESSH had sent the invitation to its members after the first Delphi round, the hand surgeons participated only in the second and third rounds. As a result, 7 European countries were represented in the first round, and 9 in the second and third rounds (see Fig. 1 ). The response rate varied from 90% to 93%.
In the first round, more than 75% of the participants indicated that it was important to assess each of the selected ICF categories. Eight instruments, assessing 7 categories, were preliminarily included in the HandART core set (Table V) . A total of 42 different instruments were reported as missing (Table VI) , and respondents indicated 19 times that the missing instrument should "certainly" be included in the core set.
In the second round, consensus was reached for 6 ICF categories on which instruments to select and which not to select. Of the 19 instruments that were reported as missing in the first round and that were suggested for inclusion in the core set, no instrument reached the necessary level of ≥ 75% agreement (certainly and perhaps) to formulate new statements for inclusion.
In the third and final rounds, consensus was reached on 9 instruments for the assessment of 9 ICF categories of the core set (Table V) : the Shape Texture Identification test (STI), the Semmes Weinstein Monofilament Test (SWMT) and the Cold Intolerance Symptom Severity questionnaire (CISS) to assess "Touch function" and "Sensory functions related to temperature and other stimuli" (ICF b265 & b270); the Visual Analogue Scale for pain (VAS) to assess "Sensation of pain" (ICF b280); the Goniometer to assess "Mobility of joint functions" (ICF b710); the Jamar Dynamometer and the Pinch Gauge Device to assess "Muscle power functions" (ICF b730); the Canadian Occupational Performance Measure (COPM) and the Disabilities of the Arm, Shoulder and Hand questionnaire (DASH) to assess other ICF categories (d230, d430, d445, d6, d840-d859).
For 39 other instruments (Table I) , consensus was reached to exclude these from the core set.
No consensus
In the categories "Touch function" and "Sensory functions related to temperature and other stimuli" (ICF b265 & b270), no consensus was reached with regard to the Locognosia Test and the Static Two-Point Discriminator (STPD). 
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In the category "Fine hand use" (ICF d440), for both the Nine-Hole Peg Test (NHPT) and the Purdue Pegboard Test it was suggested in the second round to use these instruments (see Table III ). Thirty percent of the respondents favoured the NHPT over the PPT, 22% favoured the PPT over the NHPT, whereas 48% indicated that both instruments should be selected. In the final round, when participants were forced to choose between these 2 instruments, 37% selected the NHPT and 59% the PPT.
In the category "Hand and arm use" (d445), the DASH was included. For both the Jebsen-Taylor Hand Function Test (JTHFT) and the Sollerman Hand Function Test (SHFT) it was suggested in the second round to use these instruments to assess "hand and arm use" (see Table III ). Twenty-two percent of the participants chose the JTHFT, 37% the SHFT, 22% both tests, and 19% neither of these tests. In the final round, when participants had to choose between these 2 instruments, 31% selected the JTHT and 69% the SHFT (Table V) .
Collected comments and arguments regarding the undecided instruments obtained in the 3 rounds together are presented in Table VII .
General opinion
Ten participants (35%) gave an opinion about the HandARTDelphi study. According to these respondents, the study had been well organized and information and feedback on each round was well provided. Sixteen other participants (55%) responded that they had no comments. Three participants (10%) did not respond to this question.
DISCUSSION
The aim of the HandART-Delphi study was to reach multidisciplinary European consensus on a core set of assessment tools for impairments and activity limitations in patients with hand conditions, addressing the 13 categories of "body functions" and "activities and participation" of the BICF-CS (25) . After 3 Delphi rounds, a group of 30 international experts from 9 European countries, consisting of hand therapists, hand surgeons and rehabilitation physicians, reached consensus (based on at least 75% agreement) on the majority of the preselected instruments. In the second and third round, consensus was reached on 9 instruments for the assessment of 9 ICF categories of the core set (see Table V ). For 39 other instruments, consensus was reached that these should not be selected.
Regarding the assessment of "body functions", consensus was reached for the domains Pain, Mobility of joint functions (Active range of motion), and Muscle power functions (Grip strength and Pinch strength). The VAS, goniometer, Jamar Dynamometer and Pinch Gauge Device were selected to assess these ICF categories, which is consistent with common clinical practice as well as with the literature in which these instruments are frequently used and recommended (7, 13, 22, (30) (31) (32) (33) (34) (35) . In addition, the STI, SWMT, and CISS were included in the core set to assess Touch function & Sensory functions. Although there is evidence for the validity of the Swedish version of the CISS (36), information about the validity of the English language version is not available. No consensus was reached with regard to the Locognosia Test or the Static TwoPoint Discriminator (STPD) to assess spatial discrimination. Several participants commented that the Locognosia Test is time-consuming and provides little extra information. Others were in favour of the Locognosia Test, emphasizing its reliability and responsiveness. Hence, in a diagnosis-specific core set, the Locognosia test might still be selected, but only if the test is administered according to a standardized protocol (37) .
Regarding the assessment of "activities and participation", consensus was reached on most of the preselected instruments assessing the ICF categories "fine hand use" and "hand and arm use" that these should not be included in the core set. The choice between 2 remaining assessment tools, the NHPT and the PPT, that had both been linked to the ICF category "fine hand use", remained undecided due to personal preferences, although the value of each instrument was agreed upon. Considering that, preferably, only one pegboard test should be part of the core set, an argument in favour of the NHPT would be the relatively short administration time. On the other hand, the PPT might be favoured over the NHPT, because it involves bilateral and unilateral hand use, has a broader age range of normative data, and has good test-retest reliability (38) .
In the category "hand and arm use", the selection of the DASH was readily agreed upon. However, the DASH is a questionnaire that evaluates the experienced disabilities of the patient and is not an observational instrument to assess the execution of specific tasks. For this reason, the JTHFT and the SHFT were also considered, but neither of these instruments reached 75% agreement. Still, the participants indicated that at least 1 of these instruments should be included in the core set. The SHFT might be preferred for various reasons. It is not only based on the time needed to finish tasks, but also on the quality of the movement (17, 18) . Furthermore, it received a better rating than the JTHF in recent studies (39, 40) , and 8 of its items (compared with 4 items of the JTHF) can be linked to the d445 category (29) . A disadvantage of the SHFT is, however, that it is not (yet) commercially available, as mentioned by several experts (Table VII) .
Strengths and limitations of the study
This Delphi study showed a very high response rate in all 3 rounds. According to the participants, the electronic method was feasible and adequate to reach consensus on the various topics addressed. If necessary, participants received a reminder if they had not yet responded. None of the participants (posthoc) expressed the necessity of real-life meetings to reach consensus on the issues raised.
The present study had several limitations. In advance, it was decided to invite a maximum of 32 experts to participate, preferably 16 hand therapists (PTs and OTs), 8 hand surgeons, and 8 rehabilitation physicians. In fact, only 30 professionals were available, in a different ratio. Considering that, in clinical practice, mostly hand therapists will use the selected assessment tools, we believe that the multi-disciplinarity of the included experts was fair, albeit that rehabilitation physicians were underrepresented. The external validity of the participants may be questioned because of an overrepresentation of Dutch experts. Under-representation of other countries occurred due to limitations of Internet accessibility, problems with the A core set of instruments developed by a consensus procedure, such as a Delphi study, is developed through consideration of the opinions of experts and is influenced by current practice. Therefore, if new clinimetric data become available, a revision of this core set of instruments may be necessary. The HandARTDelphi study was restricted to the selection of assessment tools. Standardization or protocols for administration of tests were not the subject of this study. The update of the Clinical Assessment Recommendations of the American Society of Hand Therapists (13) can be used for such purposes. Furthermore, this study was focused on instruments to be used in a generic core set for patients with hand conditions. In addition to such a generic core set, several diagnosis-specific assessment tools are available. Thus, instruments such as the Patient Rated Wrist and Hand Evaluation (PRWHE) or the Carpal Tunnel Syndrome questionnaire (41), which were not selected in this Delphi study, might still be valuable for a diagnosis-specific evaluation.
Recommendations
Future research should aim to reach consensus on which assessment tools should be used to address the remaining categories of the BICF-CS, such as "emotional functions" and "environmental factors". Moreover, future research should evaluate the clinical feasibility of this core set as well as the acceptance by professionals, patients and insurers. Furthermore, diagnosis-specific core sets may need to be developed in addition to this generic core set.
Conclusion
In this HandART-Delphi study, multidisciplinary European consensus was reached on assessment tools for impairments and activity limitations in patients with hand conditions, addressing 13 categories of the BICF-CS. After 3 rounds, 9 instruments were selected, while 39 other instruments were excluded. The HandART core set is an important step forward in clinical practice and research in this population, enabling clinicians and researchers to select the best available tests for their purposes and facilitate comparisons between clinical studies.
